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荧光受体在乙腈中的光谱性质，发现 BH-DM 和 MH-DM 的长波长荧光具有
电荷转移特征，而 SH-DM 长波长荧光为电荷转移及分子内质子转移的叠加。
过渡金属离子如 Fe3+、Co2+、Ni2+、Cu2+、Zn2+、Cd2+和 Hg2+等均与 BH-DM、
MH-DM 和 SH-DM 发生配位作用，但唯有铜离子使 BH-DM 和 MH-DM 的
荧光显著增强并伴有明显的光谱蓝移，荧光的增强是由于抑制最低激发态
















使 MH-DM 的荧光光谱蓝移，强度增强 170 倍。MH-DM 对 Cu2+有极高的
选择性，相同条件下，除 Fe3+能猝灭已增强的荧光外，其它金属离子几无影
响。由于 MH-DM 中邻位甲氧基的引入，可增强荧光受体与铜离子的结合能













移，CT 荧光减弱并蓝移，藉此实现 CT 与 LE 荧光强度比值法检测阴离子。
苯基硫脲端取代基的引入，既可调控荧光受体的 CT 荧光发射峰位置，又可
改变受体与阴离子的结合能力。同一受体与阴离子结合能力依 F− > AcO− > 
H2PO4−, Cl−, Br−, HSO4− 次序减小；受体与相同阴离子的结合能力按DGTU < 























过羟基和硫脲氮氢与阴离子以氢键方式结合，ESI-MS 和 Job 作图法表明
STU-Rs 与阴离子的结合计量比为 1:1。同一受体与阴离子的结合能力依阴离
子碱性 AcO− > F− > H2PO4− > Cl−, Br−, HSO4− 次序减小；受体与相同阴离子
的结合能力按 STU-p-OCH3 < STU-p-CH3 < STU < STU-p-Cl < STU-m-CF3  
次序变化。不含羟基的模型化合物 MBTU 和 BTU 虽与阴离子的结合能力明
显低于 STU，但对 F− 表现出了极高的选择性，表明适当降低受体与阴离子
的结合能力，有利于阴离子的选择性识别。 
第二节：研究了乙腈中阴离子对 SH-Rs 吸收和荧光光谱的影响。发现阴
离子中唯有 F−使 SH-Rs 的吸收光谱发生明显变化，且溶液由无色变为黄色，
表明该类分子对 F−具有极高的选择性，可直接“裸眼”鉴别和检测 F−。Job
作图法证实 SH-Rs 与 F−的结合计量比为 1:1，F−与 SH-Rs 的结合能力随苯甲
酰端取代基拉电子能力提高而增强，依 SH-DM < SH-OEt < SH < SH-p-Cl < 
SH-m-Cl 次序递增。乙腈中 SH-Rs 发射双重荧光，长波长荧光随 F−浓度的
增加而显著增强且明显蓝移，这是由于 SH-Rs 与 F−结合后，抑制了分子内
质子转移所致。F−导致 SH-Rs 荧光增强倍率随 SH-DM < SH-OEt < SH < 
SH-p-Cl < SH-m-Cl 顺序提高，其它阴离子虽使 SH-Rs 荧光增强，但荧光增





而红移，表明 DG-Rs 的基态结构与取代基关系甚微，取代基位于 DG-Rs 分


















受体 DG-m-B(OH)2。甲醇－水的混合溶剂中 DG-m-B(OH)2的荧光随溶液 pH
值的提高而增强并伴有光谱蓝移，这是因为碱性条件下-B(OH)2 转变为
-B(OH)3−，后者的拉电子能力明显低于-B(OH)2 之故。糖分子的加入，降低
DG-m-B(OH)2 的 pKa。因此中性条件下，DG-m-B(OH)2 的荧光随糖分子浓
度的增加而增强并伴有光谱蓝移，DG-m-B(OH)2 与糖的结合能力依果糖 > 






















  Molecular recognition is an important subject in supramolecular chemistry. 
Design and synthesis of fluorescent chemsensor have drawn much interests in 
supramolecular chemistry in recent years due to its intrinsic distinct advantages 
in terms of high sensitivity, able to monitor substrate concentration in real-time 
and real-space and remote sensing. Intramolecular charge transfer (ICT) or 
intramolecular excited-state proton transfer (ESIPT) fluorophores emit large 
Stokes-shifted fluorescence that will avoid the interference from background 
auto-fluorescence and light scattering in sensing process. A series of dual 
fluorescent chemosensors based on p-dimethylaminobenzamide or 
salicylaldehyde derivatives coupled with cation or anion binding site were 
designed and synthesized in this dissertation. The dissertation consists of six 
chapters. 
  In Chapter 1, research progresses of fluorescent chemosensors in terms of 
recognition mechanisms were briefly reviewed. The research proposal of this 
dissertation was presented according to the developments of fluorescent 
chemosensors. 
  Detailed synthesis procedures and characteristic data of ca.30 fluorescent 
chemosensors were presented in Chapter 2. These sensors include 
p-dimethylaminobenzoylhydrazones, N-(p-dimethylaminobenzoyliminoyl) 
thioureas, salicylaldehyde aminophenylthioureas, salicylaldehyde 
benzoylhydrazones and p-dimethylaminobenzoyl diphenyl guanidines. 
  Three fluorescent sensors BH-DM, MH-DM and SH-DM based on dual 
fluorescent p-dimethylaminobenzamide signal reporter which coupled with 
benzoylhydrazones containing cation binding site were synthesized in Chapter 3. 
The spectra of these fluorescent sensors in acetonitrile were investigated in detail. 
It was found that all the three fluorescent sensors emitted dual fluorescence in 
acetonitrile. The long-wavelength emission of BH-DM and MH-DM was 
assigned to the CT state while that of SH-DM to the mixture of the CT and 















Cu2+, Zn2+, Cd2+ and Hg2+ can interact with BH-DM, MH-DM and SH-DM in 
the ground state as shown by the variations of the absorption spectra. However, 
only Cu2+ can lead to dramatic fluorescence enhancement together with obvious 
blue-shift in the CT emission of BH-DM and MH-DM. The fluorescence 
enhancement was ascribed to result from the inhibition of the n-π* transition and 
conformational restriction. The selectivity of MH-DM to Cu2+ was found higher 
than that of BH-DM due to the presence of a methoxy group at the ortho-position 
of benzaldehyde which can enhance the binding affinity with Cu2+. Therefore, 
MH-DM was more favorable in recognition of Cu2+ with high selectivity and 
sensitivity in aqueous solution. 
  A series of anion sensors (DGTU-Rs) in which the 
p-dimethylaminobenzamide moiety is the ICT dual fluorescent signal reporter 
which is conjugatedly linked to the phenylthiourea anion recognition moiety by 
an iminoyl group were synthesized in Chapter 4. DGTU-Rs exhibited dual 
fluorescence in acetonitrile and the CT emission was shifted to the red with 
increasing electron-withdrawing ability of the substituent at the phenylthiourea 
moiety. This observation indicates that the substituent of phenylthiourea locates 
in the electron acceptor moiety and the iminoyl group is an efficient bridge that 
transmit substituent-effect from phenylthiourea to the carbonyl group. The dual 
fluorescence of DGTU-Rs in acetonitrile was sensitive to anions such as F−, 
AcO− and H2PO4−. It was found that addition of F− resulted in a substantial 
quenching of the long-wavelength CT emission and an obvious blue shift in its 
band position, whereas only small changes were observed in the LE emission in 
both its position and intensity. The spectral response of DGTU-Rs to anions can 
be interpreted under the ICT mechanism. As anion binding to the thiourea moiety, 
the electron-withdrawing ability of the electron acceptor of DGTU-Rs will be 
reduced that leads to a blue shift in the absorption spectra as well as CT emission 
and a decrease in the CT to LE fluorescence intensity ratio. The binding constants 
were found to vary in general in the order of F− > AcO− > H2PO4− ,  HSO4−, Br−, 















the order of DGTU < DGTU-p-Cl < DGTU-m-Br < DGTU-m-CF3 < 
DGTU-p-CN, as expected from the increasing acidity of the thioureido –NH 
protons.  
  A series of novel anion sensors based on salicylaldehyde 
aminophenylthioureas (STU-Rs) and salicylaldehyde benzoylhydrazones (SH-Rs) 
which possess ESIPT character were synthesized in Chapter 5. This chapter was 
divided into two sections. 
  In section 1, influence of various anions on the absorption and fluorescence 
spectra of STU-Rs in acetonitrile were investigated in detail. The spectra of 
STU-Rs was found to be sensitive to the presence of anions. Original bands in 
the absorption spectra of STU-Rs decreased with the appearance a new peak at 
longer wavelength upon addition of anions, while the long-wavelength emission 
was enhanced dramatically due to the inhibition of the ESIPT process. 1H NMR 
titrations indicated that STU-Rs bound anions via –OH and thioureido –NH 
protons. 1:1 binding mode was confirmed by Job plot and ESI-MS data. The 
binding constants varied in general in the order of AcO− > F− > H2PO4− >>  
HSO4−,  Br−, Cl−. With the same anion, the binding constants varied in the order 
of STU-p-OCH3 < STU-p-CH3 < STU< DGTU-p-Cl < STU-m-CF3, as 
expected from the increasing electron-withdrawing ability of the substituent. The 
control compounds MBTU and BTU without phenolic –OH showed very high 
selectivity to fluoride over other anions although the binding constants were 
much lower than those of STU-Rs. This observation indicated that the selectivity 
to anions can be increased by lowering the binding affinity of the sensors with 
anions. 
  In section 2, effects of anions on the absorption and fluorescence spectra of 
SH-Rs in acetonitrile were investigated in detail. It was found that only F− could 
induce dramatic change in the absorption spectra of SH-Rs resulting in obvious 
color change from colorless to yellow. These results suggested that SH-Rs had 
higher selectivity for F− against other anions and could therefore be employed for 















Job plot and the binding constants with fluoride varied in the order of SH-DM < 
SH-OEt < SH< SH-p-Cl < SH-m-Cl, as expected from the increasing acidity of 
the phenolic –OH group. The long-wavelength emission of SH-Rs was found 
enhanced dramatically with a obvious hypochromic shift in the presence of 
fluoride. These spectral variations were suggested to result from the inhibition of 
the ESIPT process. The observation that other anions induced much lower 
enhancement of the SH-Rs fluorescence than that of fluoride indicated that 
SH-Rs could be applied as selective fluorescent sensors for fluoride. 
  Chapter 6 was divided into two sections. 
  In section 1, a series of ICT fluorophores based on p-dimethylaminobenzoyl 
diphenyl guanidines (DG-Rs) were synthesized. The spectra of these derivatives 
were investigated in detail in a variety of solvents. It was found that the 
absorption spectra of DG-Rs were independent of the substituent at the aniline 
moiety while the CT emission shifted to the red with increasing 
electron-withdrawing ability of the substituent. These observations indicated that 
the substituent located in the electron acceptor and had no influence on the 
ground state structure of DG-Rs. The CT emission energy of DG-Rs was found 
to correlate linearly with the Hammett constant of the substituent and the slope of 
the linear correlation was higher than that of the corresponding phenol 
p-dimethylaminobenzoates. This observation indicates that iminoyl group is an 
more efficient bridge in transmission substituent-effect than the -O- bridge in 
phenol benzoates. 
  On the basis of the results of section 1, a novel ICT fluorescent chemosensor 
DG-m-(OH)2 for saccharide was designed and synthesized. The fluorescence 
intensity of DG-m-(OH)2 was enhanced with a hypochromic shift with increasing 
pH in methanol–water mixtures, due to lowered electron-withdrawing ability of 
–B(OH)3− than that of –B(OH)2. An enhanced fluorescence with a hypochromic 
shift of the emission spectra was observed in DG-m-(OH)2 solution with 
increasing of saccharides concentration. The binding constants of DG-m-(OH)2 

















  Molecule recognition, chemosensing, Intramolecular charge transfer, 
excited-state intramolecular proton transfer, dual fluorescence, 
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由于在超分子化学领域的卓越贡献，C. J. Pedersen、D. J. Cram 和 J. M. 
Lehn 荣获 1987 年度诺贝尔化学奖。超分子化学始于 Pedersen 对冠醚的发
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